The Community of Practice GRAPAU, related to the RIMA project (http://www.upc.edu/rima), has been focusing their work on collecting activities and experiences related to Autonomous Learning and developing a decalogue of good teaching practices to improve the quality of Autonomous Learning in UPC-BARCELONATECH) degrees. This work is based on GRAPAU items that were developed in order to improve Autonomous Learning Activities.
Introduction
cnica de Catalunya, http://www.upc.edu) is a technological university offering engineering and architecture degrees. Under the new degrees of the European Higher Education Area (EHEA), learning skills take on a very important role. According to design and implementation of degree curricula [1] , UPC has selected seven generic skills, including Autonomous Learning, to incorporate in the profile of all its graduates.
From the higher education, university and adult teaching perspectives, the design-using skills help us to develop programs based on academic and professional profiles, which must respond to the needs of the environment [2] . Beyond a list of contents to learn or to teach subjects, the design-using skills contribute to reducing the gap between the educated and the reality of the labour market that has traditionally characterized higher education in Catalonia [3] .
The planning of new degrees involves three essential elements [3]: a) student-centred learning, b) the achievement of goals based on skills and planning, c) assessment and following of teaching activities using European Credit Transfer System ECTS criteria. With this perspective, the teacher designs learning activities, guides students in learning and design, and runs the evaluation. The students perform the activities planned, construct their self-learning, and gets involved in the activity. This implementation of these criteria must allow for the scheduling of learning activities in order to achieve the objectives related to specific skills detailed at the course guide, as well as set transversal curriculum targets to develop the course. It must also allow for the establishment of activities and assessment tools, monitoring, and improvement related to the generic skill.
In this context, the RIMA project (http://www.upc.edu/rima) is a proposal from Education Science Institute of UPC-BARCELONATECH (http://www.ice.upc.edu) for collecting together all the Communities of Practice (C of P) surrounding learning and teaching methodologies. The aim of RIMA is to generate a meeting point for all engineering education research C of P at UPC, giving visibility to its activities and results.
GRAPAU (GRup d'int a C of P, has been focusing their work on collecting activities and experiences related to Autonomous Learning and writing a decalogue of good teaching practices to improve the quality of the Autonomous Learning in the UPC-BARCELONATECH degrees. Main items developed by GRAPAU, in order to improve Autonomous Learning Activities, can be summarized as follows:
1. Identification of fundamental aspects that any academic activity must consider, or must contain, to be adequate for autonomous learning in engineering and architecture degrees. 2. Development of a form model for introducing autonomous learning work, in order to create useful activities, with consideration for the good practices described in the item above. 3. Elaborate a wide recompilation of autonomous learning activities to give several examples in engineering and architecture degrees, as support for teachers and examples for students. 4. Design a survey for identifying the strengths and weaknesses of GRAPAU activities, for improving them.
Autonomous Learning in higher education
Autonomous Learning is a generic skill which has the ability to detect gaps in knowledge itself and overcome them through critical reflection and choice of the best action to fill these gaps [2, 3] . UPC-BARCELONATECH has defined three levels of Autonomous Learning, of increasing difficulty, which must be taken into account when an activity is be designed. Each level corresponds to a certain period of the degree and the activities will be in accordance with the level and period that corresponds to the subject: Among all the generic skills, Autonomous Learning has an important role in the design of Course Guides using ECTS criteria because these activities must be taken into account in the schedule of the course. Autonomous Learning has also an important role in e-learning because the distance courses and the semi-distance courses are designed following only the principles of the student autonomy. Not only will the face-to-face learning need to equip students with well-designed Autonomous Learning tools research outside of class, for example educational videos [4] , but the distance learning will also need these tools and criteria to generate individual content [5] .
Material and methods
An iterative four-step management method has been used to control and improve the Autonomous Learning Activities developed by the teachers of GRAPAU. The methodology, mainly used in business, is known as the Deming Circle or plan do check act (PDCA) [6, 7] and has the following steps: Plan, Do, Check, and Act.
Fundamental Aspects
The first part of this work is a list of the fundamental aspects that an activity must consider, or must contain, to be adequate in the autonomous learning in engineering and architecture degrees. To create this list of items, GRAPAU C of P has met several times to exchange opinions and to brainstorm ideas. As a result of these meetings, a decalogue of the key aspects that the autonomous learning activities must contemplate has been created: 1. Definition of objectives and procedures should be correct. 2. Self-evaluation should be possible to ensure that students get feedback about their work and become aware of their own learning processes. 3. The importance of the activity as a main task must be ensured. The concepts of the subject should be related to other content or to other subject contents; other methodologies should be applied. 4. It is necessary to place the subject in the proper context. 5. It has to be a guided and structured task. 6. Teachers should earn a profit. 7. Workload must be controlled. 8. Resources must been provided. 9. There must be an indicator for teachers to measure student learning progress. 10. The level of the Autonomous Learning activities must be correctly defined. Once the good practices for designing a self-learning activity have been defined, the qualities of the activities that GRAPAU members are already doing in their respective subjects must be evaluated. To do this task, defined areas have been classified into four groups as follows:
LOAD: The workload to be performed by the students and the teacher in the activity must be balanced.
MATURITY:
It is necessary to place the activity in the proper context of the subject and the degree. EFFECTIVITY: It must be an indicator for teachers and students to measure student learning progress.
PROTOCOL:
The activity must be a guided and structured task.
Form model
A form model has been created that helps teachers who start to work in Autonomous Learning to create their own activities considering the good practices described above. This model proposed, included in the course guides, describes the autonomous learning activities of each subject [8] . The model introduces information on the four items described above in the parts indicated by the colors of the legend (Fig. 1) .
Recompilation
An extensive collection of different activities of autonomous learning shows several examples for different subjects in engineering and architecture degrees. These examples can be extrapolated to other subjects and provide support for teaching; they can also be viewed as storage of activities for the students.
The nine different activities listed below have been carried out by members of the GRAPAU:
A. Project development: Development consists of doing a part of a structural building project. To do this activity, students must use similar procedures that are used in an engineering or technical office. They have to follow some guidelines that allow them to identify size and check several structural elements. B. Self-evaluable activities in continuum mechanics: For level two, autonomous and on-line activities the students must do and send in the results in a form, without the procedure, via the virtual platform Moodle. Once the activity is sent, the solution and a rubric are available for the students to do their own evaluations. C. Scientific analysis of a scene from a film where the laws of physics are not obeyed: In the activity proposed here, the student has to analyze a scene from a science-fiction film in order to detect whether it takes into account the laws of physics properly.
D. Key issues about materials:
A set of practical examples is provided, including exercises and study cases related to expositive sessions that can be solved in groups by the students. The students have enough resources to solve the problems: slides, support material, notes, examples of previous years, etc. E. Preparing and presenting a poster at a popular science conference: In this activity, students have to present, analyse, and solve a specific problem ( ) by creating a poster and presenting it to an open public at a popular science conference that takes place regularly in the city. F. Video as a tool to assess generic skills of independent learning and group work: In this activity, students must design and edit a video that explains basic concepts they have not been taught in class yet. The whole class is split into small research groups and each group is given a particular topic that must be studied by each team member. Later, each team makes a 15-minute educational video after putting together ideas from all team members. G. Problem solving in materials as a self-learning tool: A great guided collection of problems will be provided and graded considering the difficulty. The teacher assigns a small number of them to each student. Every student must do different problems respect others.
H. Design and implementation of an autonomous practice in extensometry:
In the final course, students must complete a group activity that comprises defining the objectives all the way up to criticizing the obtained results. Every part is evaluated by the professor before the execution of the next part. No guidelines are supplied, so the activity can be classified in the higher levels of autonomous learning. I. Work on selection in materials: This activity will be done in small groups and will take place during one semester. The schedule of the activity includes the subject appointment, the carrying out of two meetings to advise and guide students, and the oral and written presentation during the last week of the course.
Proposed activities have been assessed by means of a poll based on sections 3.1 and 3.2. This gives students a point of view of their activities and helps them realize the degree in which the objectives have been achieved. The ideal case would be that scored with a 5; in other cases some effort has to be made to improve the different aspects of the activity. Figure 3 below shows the evaluation of the nine studied activities. Although no activity has achieved the optimal autonomous learning level, more than half of them have a good qualification, so we can consider them in the good path of autonomous learning activities. 
. Surveys
As this is an on-going project, only four of the nine AL activities have already included a students survey about their perception of the proposed tasks. The remaining five AL activities will be applied and surveyed in the next few months, so those results will be shown in a future work. The four AL activities whose surveys have been conducted are presented here: A) Project development, B) Self-evaluable activities in continuum mechanics, C) Scientific analysis of a scene from a film where the laws of physics are not obeyed and D) Key issues about materials. For each question, students have assessed (1-5) according the scale associated to the question (Fig. 3) . Questions 4 to 6 were not answered in activity A because it did not use any self-assessment correction method. As activity D did not use a rubric for correction, the fifth question was eliminated. The survey of activity A was answered by 22 students. 65, 10 and 43 students participated in the surveys of activities B, C and D respectively. 
Conclusions
By comparing the results of different questions in the survey of the students, we conclude that for all activities, the two items the students valuate most positively are: the agreement between the activity and the content of the subject and, even more, the delivery system through a digital interface. Both questions got a value above 4 out of 5. Questions 2 and 3 should be analysed in a different way, so that the intermediate value (3) is the optimum one because it expresses that both difficulty and time consumption are similar to those expected by the students. Autonomous Learning activities B, C and D yield a result quite above 3 in second and third questions, whereas Autonomous Learning activity A is the only one with a valuation below 3. This is in accordance with the reality of this activity, which lasted approximately 20 minutes. The average valuation of questions 1 and 4 to 8 is 4 out of 5, showing that students positively valuate these Autonomous Learning activities as a good way to improve what they are learning.
Finally, taking into account the surveys to the students, the teachers will rate their own activities and experiences, and a continuous improvement process will be initiated to reach better rates in the evaluations: t Deming Circle.
